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(57) Abstract 

A portable radio telephone handset (22, 100) having a radio control (108) operates as a data transfer terminal as well as an analog 
cellular telephone subscriber station. Two modes of operation, an analog cellular communication mode (210) and a Cellular Digital Packet 
Data (CDPD) mode (206), are available in the handset (22 t 100). The handset (22, 100) distinguishes between paging signals indicating 
CDPD mode communications and those indicating analog cellular communications. 
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PORTABLE COMMUNICATIONS AND DATA TERMINAL 



OPERATING TO OPTIMIZE RECEIPT OF BOTH 



INCOMING CDPD AND AMPS MESSAGES 



Technical Field 

This invention relates generally to wireless 
communication devices. More particularly, the invention 
relates to switching wireless portable subscriber 
stations between both data and voice modes. 

Background of the Invention 

The modern analog cellular system for mobile 
wireless duplex voice transmission is called "Advanced 
Mobile Phone Service" (AMPS) . The AMPS cellular network 
uses the FCC assigned carrier frequency range of 800 to 
900 MHz. Automobile -mounted cellular units transmit 
voice signals to a cellular base station within a given 
cell using up to one watt of power. Hand-held cellular 
units using battery power supplies transmit voice signals 
to a cellular base station within a given cell using up 
to one quarter watt of transmission power. 

The analog human voice was the signal that the AMPS 
system was first designed to communicate. The AMPS 
system was optimized for carrying as many analog voice 
signals within a given bandwidth of- a — channel as 
possible. Mobility of the cellular telephone using low 
power mobile units, FM modulation, and the higher carrier 
frequency range (800 MHz- 90 0 MHz) is achieved through a 
cellular arrangement of base stations whereby a user's 
signal is handed off to the next cell site as he or she 
moves into a different cell area. This cellular hand- 
off can cause a temporary loss in transmission or 
reception. However, temporarily losing a voice signal is 
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not critical because a user knows when there is a signal 
loss and the voice information can be retransmitted . 
However, signal loss, even though temporary, poses 
special problems for transmission of digital data. Some 
other .hps cellular problems causing loss in voice 

3: L 71 dr ° PS ln Sl9nal Str ™ -flections. 
Rayleigh fading, and cellular dead spots 

to t„ Th ,f aV3ilabllit y ° f Portable computers naturally led 
to the desire to conduct wireless transmission of digital 
data from a remote location. Presently, the amps voice 
cellular system is being used to transmit digital data in 
the form of circuit-switched cellular data across AMPS 
career channels. Paw (baseband, digital data must be 
converted so that it can be transmitted and received 
across the analog AMPS system. One disadvantage to using 
the AMPS system for data transmission is that a narrow 
channel bandwidth and errors in transmission limit the 
baud rate for transmitting and receiving the digital 
be" c a AS / K reViOUS ^ "«=•<». 1— of raw digital data may 
be caused by other problems in the AMPS mobile cellular 
system. idr 

Heretofore. providing efficient wireless 
communication of both voice and data signals in an 

^ H 3 « ted , PaCka9e beSn furthermore, it 

is difficult to integrate the features of AMPS voice 
transmission with applications such as data transmission, 
electronic mail, duplex paging, as well as the provision 
of a circuit-switched cellular data interface such as a 
wireless fax-modem, into a single hand-held battery 
operated wireless unit. This has been accomplished Z 
part by the Cellular Digital Packet Data <CDP D) system 
described in the CDPD specification, Version \ T 

r 0 r B n" ed herSin ^ ref — - background material'. 
The CDPD communication system shares the same carrier 

pIrHor e „ aSSi9 " ed ^ ChamielS aS —crib- in 

Part 405, Version l.l of the CDPD specification 
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The base unit or mobile data base station (MDBS 1, 
as illustrated in Fig. 1) , of a CDPD system utilizes a 
channel within an AMPS cell to establish a link and 
communicate to a user's mobile end system. The MDBS may 
use other frequencies outside of AMPS that are made 
available to it by service providers . The mobile end 
system (M-ES 2) is a portable computer, hand-set or other 
portable electronic device containing a subscriber 
communication unit. The MDBS serves as a communication 
link between the user of the subscriber station M-ES 2 
and a service provider's network of wire lines, microwave 
links, satellite links, AMPS cellular links, or other 
CDPD links (such as mobile data intermediate system MD-IS 
3 and intermediate systems 4, 5, 6) to convey data to 
another mobile end system, . computer network, or non- 
mobile or fixed end-user system (F-ES 7, 8). 

The CDPD network is designed to operate as an 
extension of existing communication networks, such as 
AMPS networks and the Internet network. From the mobile 
subscriber's perspective, the CDPD network is simply a 
wireless mobile extension of traditional networks. The 
CDPD network shares the transmission facilities of 
existing AMPS networks and provides a non- intrusive , 
packet -switched data service that does not impact AMPS 
service. In effect, the CDPD network is entirely 
transparent to the AMPS network, which is "unaware" of 
the CDPD function. 

The CDPD system - employs connectionless network 
services (CLNS) in which the network routes each data 
packet individually based on the destination address 
carried in the packet and knowledge of current network 
topology. The packetized nature of the data 

transmissions from an M-ES 2 allows many CDPD users to 
share a common channel, accessing the channel only when 
they have data to send and otherwise leaving it available 
to other CDPD users. The multiple access nature of the 
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system makes 1C possible to provide subscantial cd 
coverage to many users simultaneously with the 
installation of only one CDPD station in a given sector 

statlrr n9 ran9e arSa ° f a St3ndard ™ PS 

station transceiver) 

The airlink interface portion of the CDPD network 
consists of a set of cells a ■ ^ <= • WOrk 

• A cel1 is defined by the 

^ bOUndarleS With - ^ » transmission range 
from a f 1X ed transmission site such as MDBS 1, „ hich C L 

ml n t at aCCepCable of signal strength by 

Zlll\ T bSrS SUCh 33 M " ES 2 ' Th * transmitter 
° „7h t ^ bS l0Cated — -thin the 

Uri:, , tranSmlSSiOT bein 9 ^ried =ut via an omni- 
directional antenna, or the transmitter located at the 

:f 3 T 3116 * directional antenna. 

Thrs second type of cell is also referred to as a sector, 
in typrcal configurations, the transmitters for several 
sectors are co-located. The area served by a set of 
cells has some area overlap so that a roaming mobile end 
system can maintain continuous service by switching from 
one cell to an adjacent eel! in a manner Jughly 
analogous to the standard hand-off in an ^ IJ 
The two cells are considered to be adjacent if an „-« 

c e llTo ln th ln r ntlnUOUS SerVi ° e bY *™. one 

cell to the other. This switching process, called cell 

transfer, rs done independently of normal AMPS hand-off 

procedures . 

^ In / ig ; X ' interfac - (A) between the mobile end 

system 2 and the MDBS 1 is an "sir inf r 

an air interface" constituted 
Y a radxo frequency link using standard AMPS 
frequences. The MDBS l is connected to other mobile 
data base stations through a mobile data intermediate 
system (MD is) 3. A number of mobile data base station! 
can be under the control of a single mobile data 
xntermedxate system. The mobile data intermediate 
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systems are connected to each other through intermediate 
systems such as 4 and 5 in Fig. 1. 

The intermediate systems are constituted by at least 
one node connected to more than one sub-network (such as 
intermediate system MD-IS 3) . The intermediate system 
has a primary- role of forwarding data from one sub- 
network to another. The mobile data MD-IS 3 performs 
data packet routing based on knowledge of the current 
location of each mobile end system within the range of 
the mobile data base stations under the control of the 
MD-IS. The MD-IS is the only network entity that is 
"aware" of the location of any of the mobile end systems. 
However, under some circumstances (as defined by the CDPD 
specification, Version 1.1 incorporated herein as 
background material) , particular mobile data base 
stations will keep track of behavior of specific 
subscriber stations. A CDPD-specif ic Mobile Network 
Location Protocol (MNLP) is operated between each MD-IS 
(through the intermediate system) to exchange location 
information regarding the mobile end systems. 

The overall CDPD network is controlled by a network 
management system (NMS) 10 having an interface with at 
least one mobile data intermediate system 3 . Using a 
special protocol, programming instructions can be 
transmitted from the NMS 10 through the MD-IS 3 to any 
number of mobile data base stations under proper 
conditions . 

Such programming instructions can be used to convey 
useful network data to the MDBS, as well as configuring 
the operation of an MDBS with respect to such critical 
features as maintaining channel queues. The NMS also 
controls other CDPD system characteristics such as the 
timing of paging messages to coincide with the non- 
dormant periods of the M-ES hand-sets. One advantage of 
the subject CDPD system is the capability of providing 
operating instructions to mobile data base stations from 
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tl7I ttoU9h MD " IS 3 ' ° r by * direct connection 
to the MDBS as is outlined in the detailed description of 

v™ s a a r h p teccure found in che cdpd 

version l.l. Parts 402 and 403. 

illustr!; h ^t" 5 3 C ° mparison bet »«« the CDPD network 
™=o 111 9 - 1 ^ thS st andard AMPS network The 

MDBS x is the CDPD equivalent to an AMPS ba se station Z 

HTZT " * C ° m ° bile users ' 2 ' 2 '' — a" f°r 

BothX^r" ^ " ' " ' Md 22 " — 
hand t CW " £UnCti °- handled by the s arc 

hand-set or end system equipment. Also, the MDBS x is 
preferably located with the AMPS base station 21 as win 
be explained in greater detail later 

CDPD LT^ 3 " hlCh a<=tS 38 3 l0Cal stroller for the 
CDPD mobile data base stations connected thereto is 
equivalent to the mobile telephone switch office (MTSO, 

and 21-.. In the AMPS system, the MTSO 23 can be 
connected to the various base stations 21, 21 . a " bv 
landlf C ° mmUnicati °-» "«*«. ^ther over dedicated 
(PSTN) . Likewise, the connection between MD-ls 3 and the 

thereby is made m the same manner. However, different 
signaling protocols are used than those found in the ampI 

re™, 1 " COmparism to *»S. the infra-structure 
requirements of CDPD are very small. Ths CDPD base 
station equipment is located (preferably) at a cellular 

cellulate 0811 ^ *»» *— 

cellular equipment. The multiple access nature of the 

Co™"" ^ P °" lbl * t0 P -" e substantial CDP^ 
coverage to many users simultaneously with the 

pxe access ls the result of a mobile end- system 
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accessing the CDPD channel only when there is data to be 
sent . 

The AMPS base station and the MDBS can use the same 
RF equipment if both are co-located. By contrast, the 
MTSO of the AMPS system and the MD-IS of the CDPD system 
do not have to be co-located in order to share RF links. 
In the AMPS system, the MTSO 23 has the responsibility of 
connecting the AMPS base station and the mobile station 
to another party through a PSTN 24 . The intermediate 
system 4 of the CDPD corresponds to the use of the PSTN 
by the AMPS system. Like the AMPS system, the CDPD 
system must also use the public switch telephone network 
or another landline network for completing calls to 
remote parties or systems via a phone system terminal 
network 28. However, the CDPD system employs a different 
protocol than that used by the AMPS system for completing 
calls over a PSTN . 

In general, the CDPD system illustrated in Fig. 1 
operates to provide service to manage data communications 
to subscribers over a wide geographic range. When a 
mobile end system is located in its home area, data 
packets are routed directly to and from it by the home 
MD-IS via the home MDBS. The route via which data 
packets are forwarded to and from a mobile end system or 
subscriber station changes when the mobile end system 
moves out of its home area. 

The MDBS maintains zero or more (up to the MDBS 
transmission- capability) channel streams across the 
airlink interface, as directed by the MD-IS controlling 
that MDBS. The MDBS instructs all subscriber units to 
change channels when necessary such as when an AMPS 
communication is detected on the CDPD channel. Each 
subscriber unit's terminal stream is carried on one 
channel stream at a time, normally selected by the mobile 
subscriber, preferably based upon data received from the 
MDBS regarding optimum channels for CDPD use. The 
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forward and reverse traffic ^ , 

atMffl , u traff lc m a given cell (the terminal 

stream of the MDBS) is carHo^ ^ 

13 c arrxed on a single DSO trunk, 

the " " DM ^ MD " IS - «=— "ictl™ bet„e e ; 

standard formats such as Tl . 

Within the CDPD network H-irr-it-,0 j _ 
. _ fcU network, digital data is transmitted 

between the MDBS and the M-pc: „ e ^„ « 

SHf , „ . , usin 9 Gaussian Minimum 

Shift Keying (GMSK) modulation. Transmission from the 
base station to the subscriber station M-ES are 

to n t T U Z" TranSmiSSi ° nS subscriber station M-ES 

to the MDBS use a burst mode in which subscriber station 
M-ES only accesses a channel when it has data to send and 
the channel is not being used by other mobile subscriber 

stations" * ^ all ° WS 3 mUlt±Ple m ° bile -ub-criber 
stations to share a single channel, and for data 

transmission characterized by intermittent transactions 
of relatively small amounts of data, thereby greatly 
reducing the connection time compared to that whel 
sending digital data over conventional circuit-switched 
cellular modems. 

cell T like , S±9naling Scheraes ™* in conventional 

cellular modems, which have been chosen based on the need 
to operate within the constraints of the existing voice 
signaling system, the GMSK modulation technique used for 
CDPD communication was explicitly selected with the 
intent of obtaining both very high bit transmission rates 
and very good error performance in cellular channels. 
The fact that the choice of modulation was not 
constrained by a pre-existing signal structure allows 
CDPD systems to achieve substantially greater 
instantaneous bit rates at very low received signal 
levels when compared to those of conventional cellular 
modems. This means that CDPD communication systems will 
provide reliable, high speed data transmission in many 
areas where signal quality is inadequate for good 
cellular modem performance. Presently the raw (baseband) 
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digital data being transferred across CDPD include 
electronic mail messages, digital fax data, or digital 
data representing a network connection such that files 
may be transferred as if currently connected to a local 
are a ne t work . 

The mobile data intermediate system MD-IS 3 handles 
the routing of packets for all visiting mobile end 
systems in its serving area. Two services are performed 
by the MD-IS: a registration service maintaining an 
information base of each M-ES currently registered in a 
particular serving location; and a re-address service, 
decapsulating forwarded packets and routing them to the 
correct cell. The serving MD-IS also administers 
authentication, authorization and accounting services for 
the network support service applications. 

A CDPD communication system can operate with 
dedicated channels set aside from the pool of cellular 
voice channels and reserved for CDPD use. In the 
alternative, in a more typical mode of operation, the 
CDPD communication system can use idle time on channels 
that may also be used by AMPS communications. In this 
second case, the mobile data base station may perform "RF 
sniffing" to determine which channels are available and 
to detect the onset of voice traffic on the channel 
currently being used for CDPD communication. If an AMPS 
cellular unit begins transmitting on a channel occupied 
by a CDPD communication, the CDPD unit ceases 
transmitting on that channel and- switches to another 
available channel (a process called "channel hopping") or 
if no other channel is available, ceases transmission 
until a channel becomes available for CDPD use. 

Although the CDPD system shares existing AMPS radio 
frequency channels, as stated above, AMPS calls are given 
first priority, and they are always able to pre-empt the 
use of any channel being used by CDPD. However, the 
cellular service provider may opt to dedicate one or more 
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channels to CDPD usage. m this case, AMPS calls will 
never attempt to pre-empt the channels dedicated to CDPD 

use . 

In a normal operation of the MDBS carrying out 
channel hopping, the MDBS functions the monitor activity 
on AMPS channels. The MDBS maintains a list of the 
status (occupied voice or unused) for each channel 
available for CDPD use at the cell . The MDBS selects a 
channel for CDPD use from the unused channels in the list 
based on a combination of criteria (not specified in the 
CDPD standard) . These could include such considerations 
as: the likelihood that the channel will be required by 
the voice system in the near future; the amount of 
interference present on the channel; the amount of 
xnterference that the CDPD communication is likely to 
cause to other voice users in different cells, or on 
other sectors; or, other factors. The MDBS transmits a 
lxst of all channels available for CDPD use (whether 
currently occupied by a voice communication or not) to 
the subscriber stations. The MDBS may execute a channel 
hop before the channel is pre-empted by AMPS 
communication if the MDBS determines that another channel 
13 m ° re suitab1 *- m such a case, the MDBS sends a 
message to the subscriber stations commanding them to 
change to the specific channel selected, and then the 
MDBS executes the hop. This sort of hop is much more 
orderly and efficient since the subscriber stations do 
not have to search for the next channel. 

If the present CDPD channel is pre-empted by AMPS 
communication, the MDBS selects another channel from 
those unused by AMPS communications and immediately hops 
to lt without informing the subscriber station. The 
subscriber station then determines that the CDPD signal 
" n ° l0nger P resent °n the current channel and searches 
the other channels in the list to determine the channel 
(xf any) to which the CDPD communication has hopped 
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The CDPD system has the capability of easily 
interfacing with the existing AMPS system and sharing 
some front -end equipment with it. To take advantage of 
this capability, the MDBS must have the capability of 
physically interfacing with existing AMPS base stations. 
Consequently, the MDBS should be small, non- obtrusive, 
and easily accessible without interrupting existing AMPS 
equipment . The MDBS has to be configured so as to easily 
be connectable to equipment outside the MDBS normally 
shared with the AMPS system. This external equipment 
found in the AMPS base station includes an antenna 
system, RF power amplifiers (in particular, linear 
amplifiers can be shared with existing AMPS) , RF 
multicouplers, power splitters, duplexers, and, optional 
equipment . Since the MDBS shares the environment of the 
AMPS base station, the MDBS should not constitute a 
substantial additional burden upon such support systems 
as environmental control and maintenance. Thus, the MDBS 
must be compact and flexible, constituting only those 
elements necessary for carrying out the MDBS functions 
necessary at that cell site. 

The use of an effective CDPD system has brought 
about a problem in that a subscriber station must attempt 
to monitor for incoming calls on both CDPD and AMPS 
communication systems. If the subscriber station adheres 
to. the timing of the CDPD system, it is likely that 
incoming AMPS communications will be ignored, despite the 
pre-emption given to -AMPS communications over- CDPD 
communications . And while priority can. be given to 
monitoring for AMPS communications, it is probable that 
CDPD communications directed to a subscriber station will 
be lost despite the fact that the CDPD system can buffer 
incoming paging signals for sleeping CDPD subscriber 
stations. Existing CDPD communication systems and 
existing AMPS communication systems fail to provide 
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Prevent^ m ° ni : 0ring ° f b ° th <* communications to 

prevent loss of incoming calls. 

prief S.)» a rv Tp -- r||| h||| 

One advantage of the invention is in facilitating 
efficient switching between data communication and To III 
communication without loss of data communication ZIZ 
voice communication has priority. 

A further advantage is in operating the wireless 
subscriber station in a manner minimizing i oss of both 
incoming AMPS and CDPD communications 

perforT'T T^ 0 * ° f in ™ Ci ° n to efficiently 
perform a hand-off operation of a wireless subscriber 
station m a CDPD communication system without losing 
incoming CDPD AMPS calls 9 

achieveT by" a^Tubs^T " ^ ™ 

communication with ^ o^lu^ce*™ 
eve , ^ y cenuxar voice communication 

system and a CDPD communication system, where the CDPD 
system mcludes first time ad.ustment means for selecting 
a first time interval between consecutive CDPD paging 
messages sent from the CDPD communication system „ t 
wireless subscriber <?t- = t--i~~ ^ 

stat™ a i ! station. The wireless subscriber 

InalT ce TH ^ ^ «P«tion and 

control " " C ° mmUn ±Cati0n and ™ « ^r 

controlling operation of CDPD communication. The 

E or S s C el t-"" 1011 alS ° 3 ™ time ^-ti-g -ans 

tlllt 3 SeC ° nd intSrVal Startin * «* * most 

recent CDPD communication and ending when the wireless 
subscriber station is expected ^ - wireless 
mi. expected to enter a CDPD sleep 

mode. The subscriber staMrm a1 • , P 

„, . . station also includes means 

synchronizing the first „ means 

determ . a 9 lrSt and sec ond time intervals to 

schZl ^r^ 1 ^ CDPD —log cellular operation 

oZZZ' f W±releSS SUbSCrlber Stati ° n -1-ct- 
operation of one or the other both of the means for 
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controlling communication based upon the operating 
schedules for CDPD and analog cellular communications. 

As another aspect of the invention, a wireless 
subscriber station is arranged for communication with 
analog cellular voice and CDPD communication systems 
where the CDPD communication system includes first timer 
means for measuring a first time interval specifying the 
time between consecutive CDPD paging messages sent from 
the CDPD communication system to the wireless subscribe 
station. The CDPD communication system also includes 
second timer means for measuring a second time interval 
specified in the time between a CDPD system response to 
a polling signal from the subscriber station and expected 
entry of the subscriber station into a CDPD sleep mode. 
The subscriber station includes means for controlling 
operation of an analog cellular voice and CDPD 
communications, means for measuring the first and second 
time intervals, and means for synchronizing the duration 
of the first and second time intervals with the CDPD 
communication system. The wireless subscriber station 
also includes means for determining respective CDPD and 
analog cellular operation schedules for the subscriber 
station based upon the first and second time intervals, 
selecting operation of one, the other or both of the 
means for controlling communication based upon the 
operating schedules . 

In accord with a further aspect of the invention, a 
-method for communicating between a wireless _ subscriber 
station and both an analog cellular voice communication 
system and a CDPD communication system provides a 
subscriber station arranged to monitor both incoming 
analog cellular voice communications and incoming CDPD 
communications. The method includes the steps of 
registering the subscriber station with an analog 
cellular voice communication system and CDPD system. The 
CDPD registration system includes synchronizing a first 
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time interval between the subscriber station and the CDPD 
system where the first time interval defines when the 
subscriber station is expected to be on the CDPD channel, 
in the next step of the CDPD registration, the subscriber 
station is switched from the CDPD channel to an analog 
cellular voice communication control channel to monitor 
for incoming analog cellular voice communications 
directed to the subscriber station. m final step, the 
subscriber station is switched back to the CDPD channel 
before the end of the first time interval 

As yet another aspect of the invention, a method for 
operating a wireless subscriber station in a CDPD system 
includes selecting at the wireless subscriber station a 
first time interval beginning at the completion of the 
most previous CDPD communication between a subscriber 
station and a CDPD system and ending when the subscriber 
station is expected to enter a CDPD sleep mode. The 
wireless subscriber station synchronizes with the CDPD 
communication system so that the subscriber station 
along with the CDPD system, measures a plurality of 
second time intervals, wherein the second time intervals 
selected by the CDPD system define a duration of time 
allowed to the subscriber station before registration 
The subscriber station monitors incoming CDPD 
communication on a CDPD channel during the first time 
interval. Then, the subscriber station changes modes to 
monitor incoming cellular analog voice communications on 
a cellular analog voice control channel for a plurality 
of second time intervals. Finally , the subscriber 
station changes modes to monitor incoming CDPD 
communications on the CDPD channel before expiration of 
the last of the plurality of second time intervals 

In a still further aspect of the invention, the 
objects are achieved by a method of effecting handoff of 
a wireless subscriber station from a first cell to a 
second cell of a CDPD communication system is performed 
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A subscriber station contains a cell transfer database 
pertaining to the first cell, and registers in the second 
cell of the CDPD system by sending a polling receiver 
ready (RR) signal to a MDBS of the second cell. The 
subscriber station determines a first time interval for 
a complete Received Signal Strength Indication (RSSI) 
scan of the second cell. The subscriber station divides 
the first time interval into a plurality of overlapping 
sequential time slots. The subscriber station then 
alternately scans for CDPD activity and analog cellular 
voice communication activity on alternating time slots 
for the duration of the first time interval. The 
information derived from this scanning creates a second 
cell transfer database for the second cell. Once this 
second cell transfer database has been obtained, the 
first cell transfer database is discarded. 

Brief Description of Drawings 

Fig. 1 is a block diagram of a CDPD system. 

Fig. 2 is a block diagram correlating the CDPD 
system to an accompanying AMPS system. 

Fig. 3 is a block diagram of a portable radio 
telephone handset . 

Fig. 4 is a representation of the operating modes 
available to the handset supporting the present invention 
when used in the appropriate CDPD communication system. 

Fig. 5 is a flow chart depicting parallel operation 
for the handset and the Mobile Data Base Station (MDBS) 
used to carry out the present invention. 

Detailed Description of the Preferred Embodiments 

Achievement of the advantages of the present 
invention is facilitated by the device of Fig. 3. 
Depicted is a block diagram of the portable communication 
terminal handset 100 of the present invention. In most 
respects this portable communication terminal is similar 
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it I™"" 1 P ° rCable radi ° tel ^°- ^ndsats in that 

oL rad r s / radio frequency module 102 ha ™* - 1—* 

trans" freqUe "^ transceiver. The radio frequency 
transceiver uses a main antenna l0 « for both receiving 
and transiting the various types of signal handled by 

switched cellular data) communication, amps voice 
communication and CDPD communication. A diversity 
antenna l0S is used as a backup to maintain re c o! 

hanH r" ln COnditi ° nS ' A ^ S P-« type 

handset 113 is used to faelllt>t . f 

communication. voice ,, 



local „f Cerminal alS ° be ^ched into a 

dHiL! i b Celeph ° ne <»«») ^ »ay of a 

digital-analog access interface (DAA) connected to the 
radio control processor we. This processor, along with 
control processor and modem 109. divides the various 
control functions of the portable terminal including call 
setup high lml protoeol> low levei o 

T^LTZT^tr- r s transfer b — an 

use th, h„ , r ° PUter - To facilitate ease of subscriber 
use, the host computer can be a personal computer (PC) or 
personal digital assistant <P DA) or other electronic 

1717 a Th t e T nection hardware ° f the p °"* bi * 

connector! ^ ^ ^ PC —1 

stati^ ^/^^ tSrminal hand3et and subscriber 

station as depicted in Pig. 3 can be configured to permit 

30 , the m ° des ° £ "Potion illustrated in Fig, 4 The 

mooT f Si9naCed aS 200 «»• « represent! the menu 
mode selection by either the operator or programmer cf 
the portable data terminal handset. Either of the two 
modes (flH P S or CCPB, can be selected by an operator us Ig 
a keypad on the handset. If data is being entered into 
the portable terminal (handset, l00 by a host computer 
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either the mode or the predetermined default setting can 
be selected as part of that data transfer. 

For best results, the illustrated system is normally 
in a low-power "sleep" mode as indicated at 202. This 
"sleep" or dormant mode results in the least amount of 
power expenditure. Normally, the "sleep" mode will be 
interrupted every 10-2 55 seconds to check for messages 
such as incoming paging signals. If none are received, 
the CDPD mode remains idle as indicated at 204. The CDPD 
can be rendered active as indicated at 206 by the receipt 
of a paging signal, a command from the host computer or 
the handset user to initiate data transfer in the CDPD 
mode. The advantage of remaining in the CDPD mode is 
that the battery is not heavily burdened so that, based 
on current battery technology, talk time at full 
transmission power is greater than one hour and standby 
time while monitoring the AMPS control channel is greater 
than 12 hours . 

Sleep mode procedures are used to place the handset 
in the sleep mode referred to previously. The sleep mode 
is defined as an optional mode of operation that might be 
requested by a subscriber station M-ES during the data 
link establishment procedure (communication between the 
mobile end station and mobile data intermediate system) . 
The sleep mode is intended to assist power conservation 
strategies in the mobile end station. The general 
operation of the sleep mode permits an M-ES to disable or 
power-down its receiver and associated circuitry. ~ This 
mode is a key advantage of CDPD operation. 

The sleep mode procedure operates in the "multiple 
frame established state". In this operation, if no 
frames are exchanged on the data link connection between 
a particular subscriber station M-ES and the MDBS after 
a period of time defined by the parameter T203, the data 
link connection may be placed in the Temporary Equipment 
Identifier (TED indicative of the sleep state for the 
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handset. While in this state, the overall network will 
not attempt to transmit information destined for that M- 
ES. If, after entering the sleep state, new frames 
become extant and waiting initial transmission, the 
network will broadcast a predetermined message at 
periodic intervals. This message contains a list of 
TBI 'a for which channel data is pending. The mobile end 
stations are expected to wake up at periodic intervals to 
determine if data from them is pending, and notify the 
network that they are willing to receive the pending 
data. Normally, the M-ES may exit the sleep state at any 
time. 

Parameter T2 03 represents the maximum time allowed 
wxthout frames being exchanged on the data link 
connection before the M-ES is expected to enter the CDPD 
sleep mode. On the user/subscriber (M-ES) side, timing 
of the parameter T203 is started or restarted upon 
transmission of a data link layer frame of any type on 
the reverse channel (from the M-ES to the MDBS) . On the 
network side, the timing of parameter T203 for a 
particular M-ES is started or restarted upon receipt of 
a data link layer frame (of any type) on the CDPD 
channel. if the value of parameter T203 expires, the 
data link entity will enter the TEI sleep state, and 
issue an indication of this state from the user's side 
The layer management entity may take power conserving 
measures, such as disabling the radio receiver or other 
non-essential portions of its circuitry. 

A second parameter, T2 04, represents the time 
intervals at which the network side broadcasts TEI 
notification of pending data for a sleeping M-ES a 
single timing operation for parameter T204 is maintained 
for a channel stream; all user side management entities 
discover and synchronize to particular channel streams 
T204, via the TEI notification procedure described in 
Part 6.8.8 of Part 403 of the CDPD specification. The 
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number of frames queued in the maximum time for which the 
network attempts to notify an M-ES in the TEI sleep state 
is implementation dependent. The network releases a data 
link connection and discards and queued frames for which 
the TEI sleep notification procedures are aborted. The 
maximum number of attempts to notify an M-ES in the TEI 
sleep state of pending network transmissions is 
designated system parameter N204. The network normally 
aborts a TEI sleep notification procedure for a TEI which 
has been included in a number of successive TEI 
notification messages (expressed as parameter N204) 
without a response from that M-ES. Consequently, the 
subject M-ES will be de -registered with the CDPD system. 

A complete description of the aforementioned 
operation is found in Part 6.8 of Part 403 of the CDPD 
specification, incorporated herein by reference as 
background material. The parallel operation of the M-ES 
and the MD-IS is depicted in the parallel flow charts of 
Fig. 5. Both units recognize when the last CDPD 
communication by a particular subscriber at an M-ES took 
place. In this respect, both the M-ES and the MD-IS can 
be synchronized to each other. Using internal clocks, 
both units keep track of the time elapsed since elapse of 
the most recent CDPD communication between the M-ES and 
the MD-IS, as indicated at step 702. Thus, in operation 
according to this Section of the CDPD specification, if 
no data is sent in either direction over the air link for 
a certain length of time (parameter T203) , the M-ES will- 
go into the sleep mode and the network will assume that 
the M-ES is asleep, as indicated at step 703. Once the 
M-ES enters the sleep mode another timing operation is 
carried out in both the M-ES and the MDBS. 

The length of this period is defined by the 
parameters T204 and N204, previously described. If the 
network has data to deliver to the M-ES that is believed 
to be asleep, the network will add the TEI for that M-ES 
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to a Ixst of sleeping units on a particular channel 
stream, that have data waiting for them. However, the 
network will not send that data (step 704) . For each 
t.me frame defined by the parameter T204, the network 
will send a TEI indication for a particular subscriber 
unit M-ES indicating that there is data waiting for that 
subscriber station. Thus, the subscriber station will 
have to be monitoring the CDPD channel at some time 
during the time frame defined by T204 in order to 
determine if a message is waiting for that subscriber 
station. 

The list of subscriber stations having waiting 
messages is broadcast to all units on that channel stream 
perxodxcally in a TEI notification message. The time 

Taor^r 011 n ° tifiCati0n is reified by the parameter 
T204. Thxs parameter determines the length of time the 
15 ex P ec *ed to sleep before "waking" for its 
messages. when the M-ES awakens, it waits until it 
recexves a notification message. If the TEI of that M-ES 
xs on the list, it notifies the network that it is ready 
to receive data. If the TEI of a particular M-ES is not 
on that list, that M-ES goes back to sleep for another 

T204 rl ' PrefSrably sP-if-d '°Y the parameter 

204. if a consecutive number of notifications 

(specxfxed by the parameter N204) have been ma, . f Qr a 
TEI without the subject M-ES indica, ,, g that it. „ ready 
to receive data, the network will then assume t -_a- the M- 
ES xs no longer present, on the CDPD system and discards 

tJie data that was pend^ , for th^t- m t?o . ^. 

^ ror t±lat M-ES, as indicated at 

step 705. 

One drawback of this operation is that the system 
ignores cases where the M-ES has moved into a new ceU or 
the CDPD channel has hopped away while the M-ES was in 
the sleep mode. Also, if the particular M-ES is handling 
normal AMPS communication for a greater amount of time 
than that encompassed by the parameters N204 x T204, then 
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the data that is being held for that M-ES is discarded by 
the network. Thus, CDPD communication is lost due to the 
normal operation of AMPS communication. 

In the normal operation of the CDPD system, the 
subscriber station M-ES cannot unilaterally control its 
own parameter T203 (the time after which the M-ES will go 
"to sleep" if no data is sent in either direction over 
the arrow link) . The subscriber station must request a 
value of T203 from the CDPD system. Also, the parameters 
T204 and N204 are not normally controlled by the M-ES in 
a CDPD network. Rather, control of these parameters 
resides within the network, possibly with the mobile data 
intermediate system to which a particular M-ES is 
currently assigned. Consequently, in normal CDPD 
operation, the user of an M-ES cannot make the necessary 
adjustments to compensate for extended AMPS use by 
adjusting the T203, or any other parameter. 

This situation is remedied by the operation of the 
first embodiment of the present invention. This includes 
a process of leading the CDPD network to "believe" that 
the M-ES was asleep, during which time the M-ES could 
enter the AMPS mode (including tuning its radio to 
another channel, if necessary) and perform AMPS 
functions. After these AMPS functions are complete, the 
M-ES re-enters the CDPD mode and notifies the CDPD 
network that it was now ready to receive any data that 
had been pending (by virtue of the TEI of that M-ES being 
on -the list of sleeping stations) 

Referring to the arrangement depicted in Fig. 5, the 
subscriber station M-ES appears to enter the sleep mode 
at steps 703 (a) . However, rather than remaining in the 
CDPD sleep mode, the subscriber station switches modes, 
and tunes to an AMPS control channel to monitor AMPS 
activity. The frequency at which the subscriber station 
M-ES checks for AMPS activity is based upon the frequency 
at which the AMPS system sends paging messages indicative 
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of the desired AMPS communication to the subscriber 
stations, of course, the subscriber station M-ES has to 
be cognizant" of the timing of parameter T204, dictating 
the frequency at which the TEI message is sent from the 
CDPD network to the subscriber stations. By recognizing 
the timing of parameter T204 and K2 04, the subscriber 
station M-ES switches over from the amps mode to 
periodically check for CDPD paging signals. 

The aforementioned operation is not entirely 
comprehensive of the fun range of activity available to 
a subscriber station when switching between CDPD and AMPS 
modes. Since AMPS mode operation is recognized as having 

III IT ° Ver ^ m ° de handse! 
preferably spends most of its time monitoring for AMPS 
communication and just enough time in the CDPD mode to 
Pick up indication of messages for a subscriber station 
and avoid de-registration. Consequently, one mode of 

7 h ST ?J? 3 SUbSOriber stati °" M-HS involves remaining in 
the AMPS mode monitoring an AMPS control channel while 
periodically breaking away to poll the CDPD network. 
When breaking away from the AMPS mode, the 

CDPD network to evoke a response and determine if there 
is any data waiting on the CDPD network for transmission 
to that subscriber station. After listening for an 

CDPD°ne r t ate k am T C ° f 3 retUr " — «- 

CDPD network, the subscriber station then switches modes 

HILT'* " MPS Channe1 ' ^eferably this 

switch-over occurs before any re-transmission of relevant 
AMPS pages that might have been missed while the 
subscriber station was in the CDPD mode. The time frame 
during which the subscriber station must wait after 
sending the polling signal from the CDPD network is 
defined by parameter T203 . This is the time that the 
CDPD network has to respond to the polling signal from 
the subscriber station to indicate that data is waiting 
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for that subscriber station. If the subscriber station 
misses the waiting data by going back into the sleep 
mode, the subscriber unit may be de-registered from the 
CDPD network. 

Once the M-ES has completed CDPD communication, it 
may appear to go into the sleep mode once again and the 
network may interpret the M-ES as being asleep again even 
if the M-ES functions once again in the AMPS mode. For 
such operation, different values are appropriate for the 
T203, T204 and N204 parameters than those values for an 
M-ES actually using the CDPD sleep mode in its intended 
power conservation function. 

In practice, the aforementioned operation performs 
best if the value for the parameters T203 is smaller than 
that used for the CDPD sleep mode. Consequently, it does 
not take very long for the network to interpret the M-ES 
as being in the sleep mode. This is necessary to 
facilitate a quick response to incoming AMPS 
communications without losing registration on the CDPD 
network. The adjustment of the T2 03 parameter to 
accommodate the operation of a subscriber station M-ES is 
particularly important in light of the fact that it is 
common for many AMPS systems to repeat communication 
pages on the control channel once every eight seconds. 
Consequently, it is desirable for a subscriber station to 
be subjected to a parameter T2 0 3 that permits the 
subscriber station to change modes and check the AMPS 
control channels in synchronization with -the AMPS pages. 

If parameter T203 is sufficiently large, the 
subscriber station M-ES shifts modes to monitor the AMPS 
control channels during the duration of the T203 time 
frame. Thus, there is a chance that an indication of 
incoming CDPD communication for that subscriber station 
will be lost during the sojourn on the AMPS communication 
channel. Also, there is a chance that the AMPS page may 
be missed during the change in the modes from AMPS to 



WO 96/41491 



10 



15 



20 



25 



30 



35 



PCT/US96/08021 



24 



CDPD. optimum operation requires a setting of the T203 
parameter based upon the operation of the AMPS paging 

system. ^ y y 

.„ Z°l T ° Peration ' the v«lue B of N204 and T204 
should be larger than those used during the normal CDPD 
sleep mode. This defines ^ length of ^ ^ ^ 

rad , i0 C ° 3 n ° n " CDPD Channel ° r « 

the AMPS mode without risk of losing the incoming CDPD 

data. Thus, it is necessary for each E-MS station to 

control these parameters, especially the T203 parameter. 

manner ° 0ntr01 ^ ° Ut b * the «•-". either 

manually or automatically. Us ing automatio oontrol 

control is carried out in response to the amount of amps 
usage experienced by a particular M-ES. Thus, the mobile 
data base station does not have to configure its 

HIT baSed ^ 3aneralized statistical analysis of 
AMPS versus CDPD usage of all user stations associated 
with an „ I8 serving the „. ES Rathe ^ J 

selection is the responsibility of each M-ES. The values 
of the T204 parameters are conveyed from each M-ES to the 
MD-IS in the same manner as for the T203 parameter. 
However, these parameters can be sent in any known manner 
convenient to the normal exchange of data between a 
mobile station and a base station. 

In accordance with Version i.! o£ the CDPD 
specification, Part 403, parameter T203 is set by the 
CDPD system as either thirty seconds or zero. Thus, in 
most cases, the CDPD system will be operating with a 
parameter T203 variably set at ten seconds. The 

Futt S h" be ^ stations M " ES are noc able to tbis 

Further, the parameter T204 is set up by the network and 
is not subject to variation by the individual subscriber 
units. Normally, the parameter T204 is set by the 
network to be between twenty and 2S0 seconds. Usually 
this parameter is approximately one minute 
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The parameter N2 04 is not adjustable by the 
subscriber stations. However, subscriber stations are 
permitted to request variations in this parameter from 
the CDPD network. Parameter N204 is normally set at a 
value of five. However, values of four and six are also 
common . 

Normally when a subscriber station registers with 
the CDPD system, the CDPD system sets the parameter T203 
at thirty seconds. If the subscriber station undergoing 
the registration procedure wishes to have a smaller T203 
parameter, a request must be made to the CDPD system. 
This is done as part of the TEI request message. This 
process is described as the XID negotiation in Version 
1.1 of the CDPD specification, Part 403, page 53, Table 
403-8. Normally a subscriber station can request a T203 
parameter as low as ten seconds . This is the minimum 
T2 03 value permitted in the current CDPD administrative 
environment (as mandated by the CDPD characters) . Thus, 
most CDPD systems operate under this constraint . 

In this CDPD environment and an AMPS environment in 
which pages are repeated every eight seconds, the 
subscriber station faces severe conflict between 
listening for AMPS paging signals and CDPD indications of 
incoming data communications. Based upon the 

aforementioned timings of the paging signals as indicated 
by the eight second parameter for AMPS and the T203 
parameter of ten seconds, the subscriber station is away 
from- the AMPS channel too long if it is -to assure itself 
of 100% probably of receiving all CDPD incoming messages . 

To accommodate this environment, in accord with a 
second aspect of the invention, the subscriber station M- 
ES synchronizes with the T204 timer (the timer that 
causes the CDPD network to send out its TEI notification 
messages informing the sleeping subscriber station that 
there is CDPD data waiting for them) . The subscriber 
station then changes modes, coming back from the AMPS 
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control channel approximately three seconds before the 
expiration of the T204 timing period so that the 
subscriber station is on the CDPD control channel to 
receive any TEI notification messages. If there is no 
TBI notification message for the subscriber station 
within approximately five seconds after the expiration of 
the T204 time frame, the subscriber station returns to 
the AMPS control channel and monitors AMPS paging 
signals. 

A difficulty exists in that if the subscriber 
station fails to detect a TEI notification message N 
times m a row (where N is the N204 parameter less 1 and 
N204 is the number of times network will repeat a TEI 
notification message) , the subscriber station must re- 
synchronize with the T204 timer. This operation may take 
up to 255 seconds (the value of the T204 parameter) , 
although a time duration of between thirty and ninety 
seconds is more likely. Because of this time loss, there 
18 a Significant chance of missing any incoming AMPS 
calls while the subscriber station is attempting to re- 
synchronize on the CDPD control channel. The chance of 
missed AMPS calls is also increased by the CDPD data 
missed during the re -synchronization process, requiring 
retrieval of CDPD data before returning to the AMPS mode 
of communication. 

A significant feature of the invention is the 
operation of switching back and forth between AMPS and 
CDPD communication based upon synchronization with the 
AMPS paging cycle and the CDPD TEI notification cycle 
This can be done even in the presence of an AMPS 
telephone call that pre-empts all CDPD communication 
The subscriber station could compare the duration of the 
AMPS call to the time period defined by the product of 
N204 and T204 to determine if it is necessary to check 
for registration on the CDPD network, if it is necessary 
to check for registration, this can be carried out as 
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detailed in Part 405 (Cell Transfer) in the CDPD 
specification, Version 1.1. 

Because synchronization is so critical in order to 
carry out the mode switching of the present invention, a 
problem exists in that there is no way to be certain that 
the TEI notification messages will be exactly T204 
seconds apart , since they can be buffered in the Mobile 
Data Base Station .(MDBS) behind other data that is 
waiting to go out. Consequently, the operation of this 
embodiment of the present invention is predicated on the 
assumption that the TEI notification will not often be 
delayed more than two seconds from the time they are 
supposed to go out. Such a limitation will also aid in 
facilitating the MD-IS MDLP re- transmission timers which 
operate on the order of five seconds. Consequently, this 
limitation is viable in the operation of the CDPD system 
under the aforementioned administrative environment. 

Cell transfer and the channel hopping that goes 
along with it, whether planned or unplanned, introduce 
additional timing problems. The CDPD specification does 
not require that all the cells have the same timing for 
the T204 parameter, or that the timing of T204 be in 
synchronization across the various cells. However, in a 
reasonable CDPD system, the parameter T2 04 preferably is 
the same for every cell controlled by the same MD-IS. 
Further, if the value of N204 is changed based upon 
requests from individual subscriber stations, this value 
would in general be -uniform for all-cells- controlled by 
particular MD-IS until such requests are made. This 
eases the synchronization problems in general . 

The MD-IS controlling the various MDBS or CDPD cell 
site can implement the uniform T204 parameter and the 
synchronization of the timers counting out the duration 
of this parameter across the various cells under the 
control of the MD-IS. This can be effected using well 
known techniques when exchanging data as specified in the 
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CDPD specification, incorporated herein by reference a7 
background material. Likewise, synchronization of the 
T2 04 parameter between the MDBS and the subscriber 
stations being serviced by each MDBS can also be carried 
out using well known techniques, such as those adopted 
for use when the subscriber station registers with an 
MDBS . 

Normally, when a subscriber station completes a cell 
transfer, it sends a polling message to the CDPD network 
"; dicatil HJ that the subscriber station has changed 
channels. This polling message also indicates to the 
CDPD network that the subscriber station is "awake" 
Consequently, the subscriber station is supposed to stay 
3Wake " ° n the CDPD cont -l channel for at least T203 
seconds after the subscriber station receives the CDPD 
network response to a polling message. Otherwise, if the 
serving MD-IS has data to deliver to the subscriber 
statxon before the subscriber station is expected to go 
20 Ck t0 the Sleep mode ' the MD-IS (CDPD system) will 

attempt to deliver the waiting data immediately. if the 
attempt to deliver the subject data to the subscriber 
station is unsuccessful (because the subscriber station 
is no longer on the CDPD control channel) , that 
SUbSCribSr Station *>e de-registered with the CDPD 

system. Thus, there is a strong motivation for the 
subscriber station to remain on the CDPD control channel 
for a minimum of ten seconds as defined by the T203 
parameter. However, this time spent exclusively on the 
CDPD control channel clearly involves some risk of losing 
scorning AMPS calls, especially i n an environment where 
cell transfers (which require that the aforementioned 
process to be carried out) are relatively frequent. 

In order to avoid the possibility of missing an AMPS 
communication, it is necessary in the present invention 
to switch modes to the AMPS control channel during the 
time frame designated by the T203 parameter. The purpose 
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of this shift from the CDPD mode to the AMPS mode is to 
remain away from the AMPS control channel for a total of 
less than approximately seven or eight seconds to avoid 
the risk of missing a re- transmission of an AMPS paging 
signal after a cell transfer has taken place. Assuming 
that the cell transfer is completed in approximately one 
second (in accordance with the CDPD Specification, 
Version 1.1, Section under Radio Resource Management), 
and that the CDPD network takes approximately two seconds 
to respond to the polling message sent by the subscriber 
station which has just completed the cell transfer, then 
an effective window of approximately five seconds exists 
for the subscriber station to change modes and monitor an 
AMPS control channel . In the preferred embodiment of the 
invention, there is the possibility of CDPD de- 
registration during the five seconds when the subscriber 
station is tuned to an AMPS control channel. However, 
this possibility is considered sufficiently small as to 
be practical within the context of the embodiment. 

Because of the aforementioned possibility of de- 
registration with the CDPD system, another feature of the 
invention provides a process of checking for CDPD 
registration periodically. Representative time periods 
are every five minutes or every ten minutes. However, 
other time periods could be used as deemed appropriate 
based upon the activity in both the CDPD and AMPS 
systems. During registration check, the subscriber 
station will remain tuned to -the CDPD control channel 
during the entire duration of the time period defined by 
the T2 03 parameter. While this means that the subscribe 
station runs the risk of losing an AMPS communication 
during the time frame defined by the T2 03 parameter, this 
is an acceptable risk if conducted once every five 
minutes. The risk is made more acceptable by the fact 
that if de-registration from the CDPD system occurs for 
the subject subscriber station, the re-registration 
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process will entail a much greater risk of losing an 
incoming AMPS call directed to the subject subscriber 

station. 

Using another feature of the present invention, when 
the subscriber station determines that a transfer is 
necessary, it will return to the AMPS control channel for 
at least the interval between AMPS pages before coming 
back to the CDPD channel and running cell transfer 
algorithm that is specified in Part 405 of the CDPD 
specification. Normally, cell transfer does not take 
Place for a subscriber station in the CDPD sleep mode 

A sleeping subscriber station does not run the RSSI 
scan procedure until it is ready to transmit. This is 
not a problem since such a subscriber station is not 
transmitting and therefore is not causing reverse channel 
interference. However, it is important that the sleeping 
subscriber station does not move so far from the MDBS 
that the subscriber station is unable to receive the TEI 
notification messages . This problem can be alleviated by 
using some block error rate (BLER) criteria that can be 
checked by the subscriber station while checking for the 
TEI notification from the MDBS. 

In order to provide proper synchronization of the 
T204 parameter timing, cell transfer should take place as 
quickly as possible. Thus, it is necessary to keep the 
cell transfer data base up to date. Otherwise, the 
subscriber station will fall back into the initial 
acquisition of this data due to insufficient adjacent 
cell information. This is not a problem with initial 
registration and synchronization since enough time will 
be allowed for the cell transfer data base of the RRME to 

be constructed. However ^ i e ^ t_-i 

nowever, it is a problem with cell 

transfer. 

In accord with another aspect of the invention, upon 
cell transfer, the subscriber station alternates between 
the AMPS control channel and the CDPD control channel in 
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a pattern that covers the entire RSSI scan interval as 
quickly as possible to rebuild the cell transfer data 
base from the cell configuration message scanned during 
the RSSI interval. 

Normally, the RSSI scan interval is sixty seconds 
and can encompass the cell configuration message. If 
there are more than one CDPD channel stream in a 
particular cell, a subscriber station undergoing an 
undirected hop should pick up the channel stream ID 
message, transmitted every five seconds. If the channel 
stream has changed, the subscriber station is required to 
send a polled RR message to the CDPD system. The 
subscriber station that has just performed a channel hop 
must rebuild the cell transfer data base based upon the 
characteristics of the new cell. This is difficult to do 
quickly due to insufficient adjacent cell information and 
the time necessary to obtain the cell configuration 
message provided as part of the RSSI scan. In order for 
the subscriber station to check for the proper channel 
stream ID, the RSSI scan time should be divided into five 
second slots. The subscriber station will alternate 
between monitoring the AMPS control channel and the CDPD 
channel on successive time slots. Such an arrangement 
allows the entire channel configuration message to be 
obtained in a plurality of RSSI scan periods. 

However, switching between the CDPD mode and the 
AMPS mode is not instantaneous. A finite amount of time 
will be lost each time a mode switch takes place. Thus, 
more than two RSSI scan periods will be used to obtain 
the entire channel configuration message, and irregular 
intervals for scanning the CDPD channel for the cell 
configuration message used. For example, the first CDPD 
scan can cover the one-five second time slot. The second 
CDPD scan can cover the fifteen-twenty second time slot. 
The third can cover the thirty- thirty five second time 
slot, with this pattern being continued until the end of 
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-CHe— first RSSI scan period of sixty seconds. m the 
second RSSI scan period, the subscriber station monitors 
the CDPD channel in the five ten second time slot, the 
twenty- twenty five second time slot, etc. In the third 
RSSI scan period the subscriber station monitors the CDPD 
channel during the ten fifteen second time slot, the 
twenty- five -thirty second time slot, etc., until the 
subscriber station has monitored each time slot of the 
RSSI scan period and has obtained all the cell 
configuration data therein. 

Because of the time necessary to rebuild the cell 
transfer database, this aspect of the invention operates 
to maintain the previous cell transfer database while 
acquiring a new cell transfer database using the RSSI 
scan described above. This can be determined from the 
cell configuration message obtained before transfer to 
the present cell. Thus, the change of modes back to the 
CDPD mode from the AMPS mode to obtain the channel stream 
ID is unnecessary, and a different timing scheme can be 
arranged. For example, instead of changing modes every 
five seconds, the subscriber station could spend seven 
seconds on the CDPD channel alternating with fourteen 
seconds on the AMPS control channel. 

If the subscriber station goes through an undirected 
hop to a cell with more than one active data stream, the 
subscriber station should stay on the CDPD channel as 
long as possible (up to the allowable time away from the 
AMPS control channel, i.e., approximately eight seconds) 
or until the subscriber station has seen both the TEI 
notification and the channel configuration message. If 
the subscriber station cannot stay on the CDPD control 
channel long enough to receive the aforementioned data, 
the subscriber station should attempt to stay on the CDPD 
control channel long enough to obtain this information 
the next time that the subscriber station checks for the 
TEI notification. This technique should be viable since 
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the recommended interval between channel configuration 
messages (as specified in the CDPD Specification, Version 
1.1) is five seconds. 

An appropriate safety measure in the operation of 
such a system is that the subscriber station check any 
channel configuration message to verify that the 
subscriber station has not changed channel streams within 
the same cell. If the subscriber station determines that 
it has changed channel streams within the same cell, the 
station should go back to the AMPS control channel for 
the minimum acceptable period before returning to the 
CDPD channel and completing the channel hop. The 
subscriber station should poll the CDPD network to let it 
know that the subscribe station is on a different channel 
stream. Otherwise, the transfer is handled in the same 
manner as previously described (including the switch over 
from a CDPD control channel to an AMPS control channel 
during the time frame defined by T203) . 

To aid optimal performance of the aforementioned, 
the configuration timer (as described in the CDPD 
specification, Parts 406 and 507) should be set for a 
long duration, preferably an hour or more. A longer 
configuration time or duration period will result in 
fewer chances of losing incoming AMPS calls since the 
configuration timer will operate less often. 

Although a number of arrangements of the present 
invention have been mentioned by way of example, it is 
-not intended that the -invention be limited thereto. For 
example, the present invention can be adapted for use 
with a variety of different parameter values and 
administrative environments . Accordingly, this invention 
should be considered to include any and all 
configurations , modifications , variations , combinations 
or equivalent arrangements falling within the scope of 
the following claims. 
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CLAIMS 

1. A wireless subscriber station arranged for 
communication with an analog cellular voice communication 
system and a Cellular Digital Packet Data (CDPD) 
communication system, wherein said CDPD communication 

5 system includes first time adjustment means for selecting 

a first time interval between consecutive CDPD paging 
messages sent from said CDPD communication system to said 
w lr eless subscriber station, said wireless subscriber 
station comprising : 

10 (a) means for controlling analog cellular voice 

communication; 

(b) means for controlling CDPD communication; 

(c) second time adjustment means for selecting a 
second time interval starting at a most recent CDPD 
communication and ending when said wireless subscriber 
station is expected to enter a CDPD sleep mode; 

(d) means for synchronizing said first and second 
time intervals to determine respective CDPD and analog 
cellular operation schedules; and 

(e) means for selecting operation of one, the other 
or both said means for controlling communication based 
upon said operating schedules. 

2. The wireless subscriber station of claim 1 
wherein said analog cellular voice communication system 
is constituted by an Advanced Mobile Phone Service 
(AMPS) . 

3. The wireless subscriber station of claim 2, 
further comprising: 

(f) means for requesting a value for a parameter 
N204 wherein product of a parameter and the first time 
interval defines a time duration allowed before de- 
registration of said wireless subscriber station. 
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4. The wireless subscriber station of claim 3, 
wherein said parameter equals 5. 

5. The wireless subscriber station of claim 2, 
wherein said second time adjustment means operates in 
response to an amount of AMPS activity conducted by said 
wireless subscriber station. 

6. The wireless subscriber station of claim 2, 
wherein said means for selecting operation tunes to an 
AMPS control channel after said second time period has 
elapsed . 

7. The wireless subscriber station of claim 3, 
further comprising means for calculating an overall time 
duration based upon a product of said parameter and said 
first time interval, wherein said means for selecting 
operation tunes said wireless subscriber station to a 
CDPD channel at least once before the expiration of said 
overall time duration. 

8. The wireless subscriber station of claim 7, 
further comprising : 

(g) means for scanning CDPD activity and AMPS 
activity. 

9. The wireless subscribe station of claim 8, 
further comprising: 

(h) a cell transfer database based upon information 
accumulated by said means for scanning. 

10. A wireless subscriber station arranged for 
communication with an analog cellular voice communication 
system and a Cellular Digital Packet Data (CDPD) 
communication system, wherein the CDPD communication 
system includes first timer means for measuring a first 
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^ie - interval specifying the time between consecutive 
CDPD paging messages sent from said CDPD communication 
system to said wireless subscriber station, and second 
timer means for measuring a second time interval 
10 specifying the time between a CDPD system response to a 

polling signal from said subscriber station and expected 
entry of the subscriber station into a CDPD sleep mode, 
said wireless subscriber station comprising: 

(a) means for controlling analog cellular voice 
15 communications ,- 

(b) means for controlling CDPD communications 

(c) means for measuring said first and second time 
intervals ; 

(d) means for synchronizing the duration of said 
20 first and second time intervals with said CDPD 

communication system; 

(e) means for determining respective CDPD and analog 
cellular operation schedules for said subscriber station 
based upon said first and second time intervals; and 

(f) means for selecting operation of one, the other 
or both said means for controlling communication based 
upon said operating schedules. 

11. The wireless subscriber station of claim 10, 
wherein said analog cellular voice communication system 
is constituted by an Advanced Mobile Phone Service 
(AMPS) . 

12. The wireless subscriber station of claim 11, 
further comprising: 

(i) means for scanning AMPS and CDPD activity. 

13. The wireless subscriber station of claim 12, 
further comprising: 

(j) a cell transfer database constituted by data 
accumulated by said means for scanning. 
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14. The wireless subscriber station of claim 13, 
further comprising : 

(k) means for negotiating a value of said first time 
interval with said CDPD communication system. 

15. The wireless subscriber station of claim 14, 
wherein said first time interval is negotiated to a value 
of ten seconds . 

16 . A method for communicating between a wireless 
subscriber station and both an analog cellular voice 
communication system and a Cellular Digital Packet Data 
(CDPD) communication system, said subscriber station 
being arranged to monitor both incoming analog cellular 
voice communications and incoming CDPD communications, 
said method of communication comprising the steps of: 

(A) registering said subscriber station with an 
analog cellular voice communication system; 

(B) registering said subscriber station with said 
CDPD system, wherein said registration with said CDPD 
system, comprises: 

(1) synchronizing the timing of a first time 
interval between said subscriber station and said CDPD 
system, said first time interval defining when said 
subscriber station is expected to be on a CDPD channel; 

(2) switching said subscriber station from said 
CDPD channel to an analog cellular voice control channel 

- to monitor incoming analog cellular voice communications 
directed to said subscriber station; and 

(3) switching said subscriber station back to 
said CDPD channel before the end of said first time 
interval . 

17. The portable radio telephone handset of claim 
16, wherein said switch-over means comprise a diversity 
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-ceding antenna and a shared transmitting/receiving 
antenna. 3 



18. The portable radio telephone handset of claim 
13. wherein said processor means comprises means for 
detecting a paging signal in the CDPD mode. 

19. The portable radio telephone handset of claim 
18, wherein said means for detecting are arranged to 
operate in a periodic manner. 

20. The portable radio telephone handset of claim 
13, wherein said processor means further comprise means 
for distinguishing a paging signal relating to the CDPD 
mode from a paging signal relating to an analog cellular 
mode . 

21. The portable radio telephone handset of claim 
7, further comprising interface means for connecting said 
handset to an external computer. 

22 . The portable radio telephone handset of claim 
18, further comprising a display arranged to indicate 
characteristics of a paging signal provided by said means 
for detecting. 



23 . The portable radio telephone handset of claim 
7, further comprising means for enabling voice 
communication, and a telephone keypad. 



24 . The portable radio telephone handset of claim 
13, further comprising means for enabling facsimile 
transmission in the analog cellular mode, and means for 
^putting facsimile data into said handset, said 
processor means controlling said facsimile data inputting 
means and said facsimile transmission means 
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25. The portable radio telephone handset of claim 
22, further comprising means for indicating receipt of a 
paging signal . 

26. A method for operating a wireless subscriber 
station in a Cellular Digital Packet Data (CDPD) 
communication system, comprising the steps of : 

(a) selecting at said wireless subscriber station a 
first time interval beginning at the completion of a most 
previous CDPD communication between said subscriber 
station and said CDPD system and ending when said 
subscriber station is expected to enter a CDPD sleep 
mode ; 

(b) synchronizing said wireless subscriber station 
with said CDPD communication system so that said 
subscriber station measures a plurality of second time 
intervals along with said CDPD system, wherein said 
second time intervals selected by said CDPD system define 
a duration of time allowed to said subscriber station 
before de-registration; 

(c) monitoring at said subscriber station incoming 
CDPD communication on a CDPD channel during said first 
time interval; 

(d) changing modes at said subscriber station to 
monitor incoming cellular analog voice communications on 
an analog cellular voice control channel for said 

-plurality -of said second- time intervals ; and 

(e) changing modes at said subscriber station to 
monitor incoming CDPD communication on said CDPD channel 
before expiration of the last of said plurality of said 
second time intervals. 

27. A method of affecting handoff of a wireless 
subscriber station from a first cell to a second cell in 
a Cellular Digital Packet Data (CDPD) system, where said 
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wxreless subscriber station contains a first cell 
transfer database pertaining to radio frequency 
characteristics of said f irs t cell, said method 

comprxsing steps of: 

(a) sending a polling receiver ready (RR) signa i 
from said wireless subscriber station to a CDPD Mobile 
Data Base Station (MDBS) in said second cell; 

(b) determining a first time interval for a complete 
Received Signal Strength Indication (RSSI) scan of said 
second cell by said wireless subscriber station- 

(O dividing said first time interval ' into a 
plurality of sequential overlapping time slots; 

(d) alternately scanning said CDPD channel and an 
Advanced Mobile Phone Service (AMPS) control channel 
during successive time slots for a first duration of said 
first time interval, thereby creating a second cell 
transfer data base pertaining to said second cell; and 

(e) deleting said first cell transfer database upon 
acquisition of said second cell transfer database. 

28. The method of claim 27, wherein step (d) 
comprises of sub-steps of: 

(i) repeating said alternating scan of said CDPD and 
AMPS control channels for a second duration of said first 
time interval where said scan on said CDPD channel is 
carried in time slots not scanned for CDPD activity in a 
previous duration of said first time interval; and 

(ii) repeating sub-step (i) until all sa±d t±me 
slots of said first time interval had been scanned for 
CDPD activity. 



29. The method of claim 28, wherein each said time 
slot has the same time duration. 



30. The method of claim 29, wherein said time slot 
duration is selected based upon intervals between 
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transmission channel stream identification messages 
broadcast by said MDBS in said second cell. 

31. The method of claim 28, wherein step (a) 
comprises the sub- steps of determining the number of CDPD 
channel streams existing in said second cell. 

32. The method of claim 31, wherein said time slots 
are selected to be of unequal duration when said wireless 
subscriber station determines that a single CDPD channel 
stream exists in said second cell. 

33. The method of claim 32, wherein said time slots 
used for scanning for AMPS activity have a greater 
duration than time slots used for scanning for CDPD 
activity. 

34. The method of claim 28, further comprising the 
steps of: 

(f) selecting a second time interval greater than 
said first time interval; and 

(g) sending a polling RR from said subscriber 
station to said MDBS once during each of said second time 
intervals. 

35. The method of claim 28, wherein said second 
time interval has a duration in the range of five minutes 
to one hour. _ 
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